Twenty-seven independent pyridoxineless mutants belonging to genetic linkage group I were assayed for glycolaldehyde dehydrogenase. Some mutants lacked enzyme activity entirely, and others showed activity ranging from very low to wild-type levels. Reversion to pyridoxine independence usually had no effect upon this activity. Transfer of the pyridoxine genes to a common host that had wildtype levels of enzyme activity made the recipient pyridoxineless without affecting the activity. These results negate the idea of an obligatory role for glycolaldehyde dehydrogenase in pyridoxine biosynthesis.
Glycolaldehyde, first reported in 1959 to be a potential pyridoxine precursor (10, 11) , has since been shown to restore pyridoxine biosynthesis in phosphoenolpyruvate carboxylaseless mutants (5) of Escherichia coli B and to be incorporated without dilution into pyridoxal phosphate by the prototype linkage group I Pdxmutant strain WG3 (12) . In this mutant, the Cl of glycolaldehyde is exclusively incorporated into the C5 carbon of pyridoxal phosphate, whereas the C2 carbon of glycolaldehyde is exclusively incorporated into the C5' carbon (9) .
Although glycolaldehyde has not thereby been established rigorously as a necessary precursor, it is clear from these findings that, at the very least, it can serve as a substitute for a normal precursor.
These positive results with glycolaldehyde led one group to examine the E. coli B PdxB strain WG3 used in the above-mentioned studies for changes in one or more enzymes of glycolaldehyde metabolism. They reported that strain WG3 lacked glycolaldehyde dehydrogenase (13) . However, no data showing that this lack was associated with the pyridoxine requirement of WG3 were reported. It is the purpose of our report to present evidence bearing on this relationship.
It should be noted here that the level of enzyme activity discussed in this work was very low, typically 1 to 3 nmol/min per mg of protein in cell extracts. However, the level of activity was more than adequate to supply the pyridox-ine needs ofE. coli, since the maximum observed rate of synthesis is 1.8 nmol/h per mg of cell mass (4) . The activity also compares favorably with the 0.1 nmol/min per mg of protein found for pyridoxine kinase in cell extracts of E. coli B (15) .
This study includes as controls a group II Pdx strain, WG25, and two mutant strains from group III, WG5 and WG1145. These two group III strains lack the enzyme 3-phosphoserine oxoglutarate transaminase, the former being a Km mutant for pyridoxal phosphate and the latter being a nonleaky structural mutant (6) . These have been discussed in detail elsewhere (6 For transductions in which strain WG1624 served as the recipient, the medium was 0.26% D-sense in M9 salts. Pyridoxine was at 0.1 mg/liter and agar was at a 1.7% concentration.
Cell extracts. Cells were grown overnight, with shaking, at 30°C in 50 ml of minimal medium with pyridoxine, harvested by centrifugation, washed twice with 0.9% NaCl, suspended in 0.5 ml of 0.01 M potassium phosphate (pH 7.5, 5.7 mM in 2-mercaptoethanol), and disrupted by sonic oscillation for 1 min at <15°C. Protein was determined by comparing the ratio of absorbance at 280 nm to that at 260 nm (14) .
Assay. 
RESULTS
Analysis of extracts of 27 group I strains and of control strains WG1 and WG25 for glycolaldehyde dehydrogenase activity confirmed the report (13) that strain WG3 lacked this activity and showed that six other strains lacked it as well ( Table 1 ). The activity in the remaining 20 strains ranged from low to wild-type levels. Because these values were much lower than usual for enzymes in bacterial extracts, we felt that some variation was due to minor irregularities in cell growth or cell extract preparation. Accord- We then isolated apparent revertants to Pdx+ from some of these pyridoxineless mutants and measured the enzyme activity in extracts of both parental and revertant types. Table 2 is a list of the results of these measurements for parental, revertant, and other types. For each strain in Table 2 , we isolated at least two revertants or other derivative strains of the types indicated and found no significant differences between them.
Since the results ( Table 4 ). DISCUSSION Our results suggest that there is no gene-enzyme relationship between pdxB and glycolaldehyde dehydrogenase. As shown in Table 1 , the level of dehydrogenase activity varied from trace levels to wild-type levels, yet these were all pyridoxineless mutants that generally cannot be distinguished by observing differences in either the pyridoxine requirement or mutagenic agent used in their construction. In view of the similarity between UV-generated and nitrosoguanidine-generated mutants, we think it unlikely that these odd results came from multiple mutations induced by nitrosoguanidine.
The lack of correlation between the pyridoxine requirement caused by a pdx mutation that is linked to dsd and glycolaldehyde dehydrogenase is further shown in Table 2 . Enzyme activity was unaltered when pyridoxineless mutants of group I reverted to pyridoxine independence or mutated to glycolaldehyde-responsive types.
The data in Table 3 also support the argument that there is no correlation between the enzyme and the pdx gene, but in this case only exceptional revertants, WG3r1O and WG3r12, supported this thesis. These strains reverted to Pdx+ without regaining enzyme activity. That Finally, the data in Table 4 suggest that there is no correlation between the enzyme and the pdx gene. Introduction of group I Pdx genes into a host with wild-type enzyme activity resulted in a pyridoxineless mutant. The most convincing evidence that there was not a gene-enzyme relationship betweenpdxB and glycolaldehyde dehydrogenase was that the pyridoxine requirement caused by mutation pdxB could coexist with full glycolaldehyde dehydrogenase activity. Both Table 1 and Table 4 show PdxB strains with full pyridoxine dependence exhibiting full enzyme activity. The opposite was also true, because revertant strains WG3rlO and WG3rl2 and some of the strains in Table 2 showed full pyridoxine independence and no dehydrogenase activity.
When revertants like WG3r6 and suppressed strains like WG3r4 regain both pyridoxine independence and enzyme activity at once, there appears to be a correlation between the gene and the enzyme. The explanation for this may lie with the assay. All of the activity levels reported here were on the very low side of those commonly reported for enzymes in E. coli extracts. Typically, a high value is 830 nmol/min per mg for citrate synthase (16 minor activities of one or more different dehydrogenases and not the major activity of a pyridoxine-synthesizing enzyme. We think the possibility is magnified by the fact that the substrate glycolaldehyde is both very small and very active chemically. The former property would allow easy access of substrate to active sites, and the latter would allow a more fastidious enzyme to choose among several different glycolaldehyde polymers for a suitable minor substrate. As a result, the assay would measure different things at different times. This lack of selectivity would lead to some confusion and alter the constant ratio of forward-to-back reaction-specific activities expected of a single enzyme.
In addition to the above, the present work confirmed the original report of Tani et al. (13) , finding that their assay procedures readily reproduced the data they published for strain WG3. We noted from our own studies (present paper, and manuscript submitted for publication) that mutation of E. coli B to various levels of glycolaldehyde dehydrogenase activity appears to occur with unusual frequency. A possible explanation is that the activity levels actually seen were so low in comparison with other enzyme activity in cells that the variation in glycolaldehyde dehydrogenase levels resulted from very minor alterations in the specificity of any of a number of dehydrogenases derived from otherwise silent mutations.
